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Abstract 
As commercial buildings became one of the biggest sectors in consuming power, so the reduction in its consumption 
became Inevitable. This study aims to save power consumption in commercial building and its effect on environment. 
In this paper, HVAC (Heating, Ventilation and Air-conditioning) consumption is studied as it consumes a large 
portion of Egyptian commercial buildings energy consumption. Theoretical study for using thermal insulation to 
reduce HVAC System power consumption will bi investigated. This saving HVAC power consumption will help in 
solving the overload power consumption during on peak hours of the summer days in Egypt. Devolved computer 
software was conducted to evaluate the required calculations, based on identified equations. The results of the present 
study revealed that applying the energy saving technique leads saving about 15% of the annual HVAC power 
consumption when use Thermal insulation Additionally, each kWh saved will reduce 7.78*10-7 ton CO2 emissions. 
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1. Introduction 
Egypt depends on various energy sources such as electricity, petroleum and natural gas. In addition, it 
also depends on renewable energy as the solar and wind energy. By the end of 2006/07, the generating 
capacities had reached around 22,025 MW, with an annual increase of about 1475 MW (about 6.7 %). 
 
Commercial buildings are further one of the biggest consumers of energy. In developed countries, 
buildings account for between 7% and 10% of the total energy consumed. Another alarming fact is that 
their energy consumption seems to be on the rise. In general, most of the energy is used to maintain 
acceptable comfort levels within buildings. Of this, lighting and HVAC systems form the largest 
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consumption items. Studies indicate that air-conditioning is responsible for between 10 and 60% of the 
total building energy consumption, depending on the building type and geographical location. This clearly 
indicates that the HVAC system of a building has a large potential for energy saving. 
 
The Objective of the study is to reducing energy conservation and bills, which have a constructive 
effect on the developing and growing of the new projects. The present study focuses on the HVAC sector 
due to the high electric energy consumption of this sector in commercial building.[1] 
 
Nomenclature 
 
ACL/S   The Air Conditioning energy consumption savings (kW) 
ACs   The cooling load savings due to saving in heat transfer (kW) 
AW   The external wall area (m2) 
C.O.P  The coefficient of performance -- 
CT.I   The insulation material cost per cubic meter (L.E/m3) 
FL   The losses factor (10% - 15 %) (%) 
I.CT.I   The total initial cost of the material per meter square (L.E) 
kins   The thermal conductivity of insulation material (W/m K) 
kWhcharge  The kilowatt hour charge.  (L.E/kWh) 
L.CT.I   The total labor cost. (L.E) 
N.Chr/day  The cooling hours per day  (hours/day) 
QS   The heat transfer through the wall  (kW) 
Ri   The inside air film thermal resistance, respectivel) (m2 K/W) 
Rins   The insulation thermal resistance. (m2 K/W)  
Ro   The outside air film thermal resistance, respectively (m2 K/W) 
Rw   The composite wall thermal resistance. (m2 K/W) 
TAST.I  The total annual savings due to the usage of thermal insulation. (L.E/year) 
TI  The inside temperature. (˚C) 
To   The outside ambient temperature (˚C) 
To   The outside temperature. (˚C) 
Tsa   The solar-air temperature. (˚C) 
U   The heat transfer coefficient of external wall. (W/m2 K) 
x   The insulation thickness. (m) 
ΔTDc  The mean equivalent temperature differences between solar-air temperature and indoor 
base temperature in cooling season. (˚C) 
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ΔTDh  The mean equivalent temperature differences between solar-air temperature and indoor 
base temperature in heating season. (˚C) 
2. Theoretical Modeling 
The overall heat transfer coefficient for a typical wall with insulation, Uins, is given by; 
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If Rwt is the sum of Ri, Rw and Ro, the difference between U and Uins can be written as; 
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To calculate the amount of heat saved to transfer from outside the building, the following equation is 
used; 
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Due to the reduction in heat transferred from outside (QS) after using optimum insulation thickness the 
cooling load will be decreased (ACS). 
The calculation of total annual savings is given by; 
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The calculation of total cost of the insulation material is given by; 
 > @ ITITLWIT CLCIFACT ... ..*)*(.         )6(   
The opaque envelope is affected by three heat transfer mechanisms: conduction, convection and 
radiation. The outer surface of wall absorbs the solar radiation and transmits it into the inner surface of 
building by conduction. At the same time, convective thermal transmission occurs between ambient air 
and the outer surface of wall, also between the inner surface of the wall and indoor air. Take external wall 
as example, thermal transmission process through the wall in heating season can be calculated by them 
following equation; 
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The overall heat transfer coefficient for a typical wall without insulation, U is explicitly given by; 
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2.1. The Optimum Thickness of Insulation 
As thickness of insulation is increased, the cost of material and installation goes up. The cost of lost 
energy, on the other hand, goes down, but at a decreasing rate. Said in other terms, the energy cost 
savings also goes up, but at a slower rate of increase than the cost of materials and installation. At some 
point, then, the total cost, which is the sum of the lost energy cost and the material cost, reaches a 
minimum point. That amount of insulation is called the economic thickness. 
To determine this economic thickness, the energy manager needs to construct cash flow diagrams for 
the different alternative thicknesses and calculate the annual equivalent cost for each increment. Since the 
cash flows include future fuel costs, careful handling of inflation is required. Many simplified charts, 
graphs, tables, and computer programs are available to help determine optimum thicknesses. The 
Bibliography includes some of these, but it is fairly simple to develop a program that will quickly 
calculate equivalent annual cost for each increment.[2] 
 
2.1.1 Initial cost  
In order to calculate the initial cost of the insulation material the using volume of material multiplied 
by the price per unit volume in addition to the labour, maintenance and transportation costs 
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2.1.2 Running cost  
To calculate the running cost of the HVAC system when using insulation material the HVAC power 
consumption multiplied by the power charge and operation hour per day. 
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In this case the external wall is built as composite structure, which is generally formed with one layer 
of bricks (k= 0.69 W/m K, thickness= 215 mm) between two layers of cement (k= 0.29 W/m K, thickness 
for each= 25 mm).  
962   A.F. Elsafty et al. /  Energy Procedia  36 ( 2013 )  958 – 966 
Table 1. The Market Research For the most common used material in building insulation 
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Fig. 1(a). The Optimum Insulation Thickness for Polyurethane Material; (b). The Optimum Insulation Thickness for 
Glass Wool material. 
 
By Calculating the optimum thickness for the polyurethane and glass wool as shown in Fig.1(a) and 
Fig.1(b) using the market research shown in Table1 a layer of insulation add after the composite structure 
covered by a thin layer of wood only for protection. 
 
 
Fig. 2. Thermal Insulation Saving Calculation Flowchart of the Developed Computer Software. 
Insulation Material Density (kg/m3) Thermal 
Conductivity 
(kJ/kg. K) 
Price (L.E/m3) 
Polyurethane 1050 0.024 450 
Glass Wool 96 0.04 830 
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Fig. 3. Snap Shot For Thermal Insulation Inputs Window for the Developed Software. 
 
Fig. 2 and Fig.3 show the flow chart and required inputs to calculate the reduction in power 
consumption and HVAC bill when using thermal insulation, which are the cooling load profile through 
the day before and after using insulation material, the load factor each month, the total cost for the 
insulation material based on the area of the external wall, power charge and the cooling cycle C.O.P. 
3. Case Study 
Two case studies will be discussed the first on is conference hall and the second one is shopping 
mall, both of them are located in Alexandria in Egypt. HVAC load explorer program was used to 
calculate the variation of the cooling load during the day, also study the different parameters which affect 
the cooling load calculation. Fig. 4 and Fig. 5 show the variation of cooling load during the day by using 
HVAC load Explorer software.  
 
Fig. 4. Conference Hall Snapshot for HVAC load Explorer Program - Cooling Load Schedule during the Day. 
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Fig. 5. Shopping Mall Snapshot for HVAC load Explorer Program - Cooling Load Schedule during the Day. 
 
4. Results 
4.1 Case one (Conference hall) 
Fig. 6 (a) shows the saving in cooling load due to using thermal insulation and Fig. 6 (b) shows the 
reduction in power consumption foe HVAC. 
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Fig. 6 (a). The Reduction in Cooling Load When Using Thermal Insulation in Conference Hall; (b). The Saving in 
HVAC Power Consumption When Using Thermal Insulation in Conference Hall. 
 
The total saving in HVAC power consumption when using polyurethane will be 180403.2 kWh/year 
while its initial cost is 185017.5 L.E. But for glass wool saving will be 177565.2 kWh/year while its 
initial cost is 250253.3 L.E. 
 
4.2 Case two (Shopping mall) 
Fig. 7(a) shows the saving in cooling load due to using thermal insulation and Fig.7 (b) shows the 
total saving in HVAC power consumption when using polyurethane will be 80243.4 kWh/year while its 
initial cost is 47250 L.E. But for glass wool saving will be 63863.5 kWh/year while its initial cost is 
63910 L.E. 
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Fig. 7 (a). The Reduction in Cooling Load due to using Thermal Insulation in Shopping Mall; (b). The Saving in 
HVAC Power Consumption Due to Using Thermal Insulation in Shopping Mall.  
4. Conclusions 
In case one (Conference hall) the usage of thermal insulation reduced the heat transfer rate through 
walls by about 72% when using polyurethane and by 65% when using glass wool. This reduction in heat 
transfer resulted in saving the power Consumption of HVAC system by about 9.4% for polyurethane and 
9.2% for glass wool. The payback period for polyurethane is estimated to be about 25 months and 34 
months for glass wool. 
In case two, (Shopping mall) the usage of thermal insulation reduced the heat transfer rate through 
walls by about 72% when using polyurethane and by 65% when using glass wool. This reduction in heat 
transfer resulted in saving the power Consumption of HVAC system by about 26.9% for polyurethane 
and 21.4% for glass wool. The payback period for polyurethane is estimated to be about 18 months and 
31 months for glass wool. 
Due to the reduction in the HVAC power consumption this will lead reduction CO2 emission rate by 
0.15 ton/year in case one and 0.062 ton/year in case two. 
Throughout the study it was concluded although using thermal insulation will increase the initial cost 
of the building, but the payback period ( about 30 months)  due to power reduction will be accepted 
compared to building estimated life time (25 to 35 years). On the other hand the reduction of power 
consumption will be directly related to reduction in CO2 emissions from power generation plants.  
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